Dreaming is reported by one in five patients who are interviewed on emergence from general anaesthesia, but the incidence, predictors and consequences of dreaming during procedural sedation are not known. In this prospective observational study, 200 patients presenting for elective colonoscopy under intravenous sedation were interviewed on emergence to determine the incidences of dreaming and recall. Sedation technique was left to the discretion of the anaesthetist. The incidence of dreaming was 25.5%. Patients reporting dreaming were younger than those who did not report dreaming. Doses of midazolam and fentanyl were similar between dreamers and non-dreamers, however propofol doses were higher in patients who reported dreams than those who did not. Patients reported short, simple dreams about everyday life -no dream suggested near-miss recall of the procedure. Frank recall of the procedure was reported by 4% of the patients, which was consistent with propofol doses commensurate with light general anaesthesia. The only significant predictor of recall was lower propofol dose. Satisfaction with care was generally high, however, dreamers were more satisfied with their care than non-dreamers.
Dreaming is reported by one in five patients who are interviewed on emergence from general anaesthesia. Younger, healthier patients and those who receive propofol for maintenance of anaesthesia are more likely to report dreaming. The dreams are usually pleasant, and the phenomenon appears to be harmless and not related to inadequate anaesthetic depth in most cases 1 . However, the incidence of dreaming during procedural sedation has not been reported.
Colonoscopy is one of the most common medical procedures performed under intravenous sedation 2 . In Australia, propofol is widely used as the basis for this sedation, supplemented by midazolam and a short-acting opioid 3, 4 . The goal is to induce amnesia in most cases and optimise patient comfort for all, especially patients in whom repeat colonoscopy is indicated for malignancy surveillance. The aims of this study were to determine the incidence of dreaming and recall during sedation for colonoscopy, to explore predictors of dreaming and recall during sedation and to determine the impact of dreaming and recall on satisfaction with anaesthetic care, with the goal of improving preoperative preparation of patients before sedation for colonoscopy.
MATERIALS AND METHODS
This prospective cohort study was conducted at four sites in a regional centre in Australia (Wodonga Hospital, Albury Base Hospital, Albury Day Surgery and Insight Clinic, Albury). Ethics Committee approval was received for each site prior to commencement. Written, informed consent was obtained from male and female patients aged 18 years or over, and of American Society of Anesthesiologists' (ASA) physical status I to III, booked for elective out-patient colonoscopy under intravenous sedation. Recruitment and data collection were performed by a single investigator (MLS). Exclusion criteria included: 1) inadequate English comprehension due to a language barrier, cognitive deficit or intellectual impairment; 2) significant cardiovascular or respiratory impairment (ASA physical status IV to V); and 3) colonoscopy combined with gastroscopy.
The primary endpoint for our study was dreaming following sedation for colonoscopy. Secondary endpoints included recall, total doses of sedative medication and satisfaction with anaesthetic care. We prospectively determined that a sample size of 200 patients would result in an adequate number of patients reporting dreaming, based on a rate of dreaming of 22% reported after general anaesthesia 5 .
Procedure
Eligible patients were approached and written informed consent was obtained. The attending anaesthetists performed their standard preprocedure assessments and preparations for sedation. An intravenous cannula was inserted into a forearm vein and intravenous fluids were administered at the discretion of the anaesthetist. Oxygen was administered to all patients via a clear plastic mask. Monitoring was applied in accordance with the standards of the Australian and New Zealand College of Anaesthetists (i.e. pulse oximetry and non-invasive blood pressure monitoring in all patients; electrocardiography if indicated) 6 .
Sedative drugs were administered according to the anaesthetists' preferences, with no restrictions on total doses, methods of administration or drug combinations selected. Typically, sedation involved propofol supplemented by midazolam and/or fentanyl. The procedure commenced when the anaesthetist decided that the depth of sedation was adequate.
Once the procedure was completed, the patients were transferred on a trolley to the post-anaesthesia care unit. Patients were interviewed about recall, dreaming and satisfaction with care when they first emerged from sedation and were orientated to time, place and person (see below).
Measurements
Baseline data collection included age, gender and ASA physical status. During sedation, the drugs chosen and the total doses administered were recorded along with the method of administration of each (e.g. bolus or infusion). During recovery, all patients were asked the following standardised questions 7 :
"What was the last thing you remember before 1.
going to sleep?" "What was the first thing you remember when you 2.
woke up?" "Can you recall anything between?" 3.
"Did you have any dreams during your 4.
colonoscopy?" If dreaming was reported, a narrative report and visual analogue scores of the form of the dream were collected. If recall was reported, a narrative report was recorded. All subjects reporting dreaming were considered 'dreamers' in further analysis, but only those who could recall a dream narrative were asked to complete five-point Likert scales as follows 8 :
Emotional content (0=very negative, 5=very 1. positive). Memorability (0=only remember dreaming, 2.
5=most memorable ever). Visual vividness (0=not at all vivid, 5=most vivid 3. ever). Amount of sound (0=no sound, 5=most sound 4. ever). Emotional intensity (0=not at all intense, 5=most 5.
intense ever).
Meaningfulness (0=not at all meaningful, 5=most 6.
meaningful ever). Amount of movement (0=no movement, 5=most 7. movement ever).
Strangeness (0=not at all strange, 5=most strange 8. ever). Patient satisfaction with anaesthetic care was rated on a five-point scale (very satisfied, satisfied, neutral, dissatisfied and very dissatisfied).
Statistical analysis
Categorical data were described as number (%) and were compared using χ-squared or Fisher's exact tests. Continuous data was graphed to determine its underlying distribution. Normally distributed data were described as mean ± standard deviation and compared using Student's t-tests and analysis of variance. Skewed data were described as median (interquartile range) and were compared using Wilcoxon rank sum tests. Predictors of dreaming from univariate analyses with P values <0.2 were included in multivariate logistic regression analyses. P values <0.05 were considered statistically significant.
RESULTS
Data collection was completed for 200 patients from the 203 patients who were approached ( Figure 1 ). Propofol was administered to 189 patients (94.5%). Only one patient received one agent for sedation (propofol) -the remainder received a combination of propofol and/or midazolam and/or fentanyl. No other medications were administered and in all cases, drug administration was via intermittent intravenous boluses (Table 1, Figure 1 ).
The incidence of dreaming was 25.5%. Patients reporting dreaming were younger and healthier than patients not reporting dreaming. Doses of midazolam and fentanyl were similar between dreamers and non-dreamers, however propofol doses were higher in patients who reported dreaming than those who did not (Table 1) . Age ≤60 years and higher propofol dose were significant predictors of dreaming in our multivariate model (Table 2) . Age accounted for the difference in ASA physical status between dreamers and non-dreamers observed in univariate analysis.
Of the 51 patients who reported dreaming, only 43 (84%) provided a dream narrative and scored the dream ( Table 3 ). The median and interquartile ranges of the Likert scores were: emotional content 4 (1 to 5), memorability 1 (0 to 5), visual vividness 2 (0 to 5), sound 0 (0 to 5), emotional intensity 0 (0 to 5), meaningfulness 2 (0 to 5), movement 2 (0 to 4) and strangeness 0 (0 to 4). Recall of the procedure was reported by eight (4%) of the patients ( Table  4 ). The only significant predictor of recall was lower propofol dose (odds of recall with 1 mg increase in propofol dose = 0.98 (95% confidence interval: 0.96 to 0.99). Dreaming was not a predictor of recall. 
F
Becoming the Queen, because of a relative, they were trying to make it younger and funkier.
Dream narratives were recorded immediately on emergence from sedation. Age in years. M=male, F=female. Narrative is verbatim patient description; bracketed items are explanations by investigator. Narratives were edited to prevent identification in some cases.
Satisfaction with care was high with 137 patients (69%) being "very satisfied" and the remainder rating their satisfaction as "satisfied" (30%) or "neutral" (1%). Dreamers were more satisfied with their care than non-dreamers (Table 1) .
DISCUSSION
This is the first study to report the incidence of dreaming during procedural sedation. Dreaming was a common event, experienced by 25.5% of patients interviewed at emergence from sedation. This incidence is similar to that reported during emergence from general anaesthesia 1 . This may not be surprising, as drug doses administered were commensurate with induction doses for general anaesthesia.
Propofol was administered to 94.5% of patients and we confined our multivariate analysis to these patients so that the effect of propofol dose could be explored. Increasing doses of propofol were associated with increased odds of dreaming. Propofol has been associated with increased rates of dreaming compared with volatile anaesthetics in the past 5, [9] [10] [11] [12] , but an apparent dose-response relationship has not been reported before. This relationship could be explained by a dose-related propofol effect or by a depth of anaesthesia-related effect, but our study was not designed to explore this issue further. The only other predictor of dreaming in this study was younger age. That younger patients dream more often during sedation is consistent with previous reports during general anaesthesia 5, 13, 14 . Gender has previously been reported as a determinant of dreaming during general anaesthesia but was not a significant predictor of dreaming in this study 13, 14 .
The dreams reported following sedation were similar to the dreams reported after general anaesthesia 5 : they were generally short, simple dreams about family, friends, work and recreation. The content and form of the dreams were consistent with the dreams of non-rapid eye movement sleep and may represent passage through a physiological sleep plane on emergence from drug-induced hypnosis 15 . This hypothesis awaits confirmation by a suitably designed trial. We did not collect a dream that was suggestive of near-recall of colonoscopy, although one patient reported a dream involving the investigator ("I was at a farm doing work. The investigator was in it, just checking on me.") and several others had dreams involving doctors, nurses and health issues.
Recall was an uncommon event, experienced by 4% of patients. This high rate of amnesia may not be surprising given that median doses of propofol, midazolam and fentanyl were 110 mg, 3 mg and 100 µg respectively. We did not record the duration of each procedure nor did we measure sedation scores or the depth of anaesthesia with a processed electroencephalographic monitor, so we cannot report whether patients were unresponsive to command ('deep sedation') or unresponsive to painful stimulation ('general anaesthesia'). Understandably, the risk of recall during sedation is considerably greater than that reported during general anaesthesia 16 , even when the patients were assessed as being at high risk for awareness 17 . The rate of recall in this study is similar to that recently reported for procedural sedation in the emergency department 18 .
Satisfaction with anaesthetic care was high in this study, but was significantly greater in patients reporting dreaming. Reports of a relationship between dreaming and patient satisfaction have been inconsistent. In a study of patients at high risk of awareness, dreaming was associated with less satisfaction with care 14 , whereas other studies have demonstrated no effect or improved satisfaction 5, 11, 13 . Satisfaction amongst patients receiving procedural sedation is generally reported to be high in any case 18 .
Our study has several limitations. First, we have already mentioned lack of information about the depth of sedation. Based on drug doses administered and rate of recall, the depth of sedation may have been equivalent to general anaesthesia for at least part of the procedure, making the similar rate of dreaming unsurprising. Second, dreaming and recall are subjective phenomena that rely on patients reporting their experience to the investigator. Factors such as embarrassment about dream content or the desire not to be disturbed post-procedure may result in under-reporting, whereas the study consent process may result in increased numbers of reports. In addition, whether a patient considers his or her experience to be dreaming or recall is also subjective. Because of this, we presented our results according to each patient's interpretation with no investigator modification.
We conclude that dreaming is a common experience during sedation for colonoscopy, with one in four patients in our study reporting dreaming. The dreams were simple, short and not related to the procedure. Younger patients and those who received higher propofol doses reported dreaming more commonly. Patients who reported dreaming under sedation were more satisfied with their anaesthesia care. Recall of events during colonoscopy was uncommon. This information may be useful to clinicians who are preparing and reassuring patients before sedation for colonoscopy.
